There are two main theoretical aspects, which justify the search for a charge of the free neutron even beyond the present limit of -20 1 (-1.5 ± 1.4) x 10 electron charges :
First, a finite neutron charge together with a still speculative 2 neutron-antmeutron transition would be in contradiction to the conservation of electric charge .
Second, if the electric charges of all baryons would be slightly displaced from their commonly accepted values, the conservation of baryons would follow from the conservation of electric charge, rather than being 3 an independent principle . The present experimental limit was obtained b> searching for a deflection of a beam of slow neutrons passing through a strong electric field of 10 m length. The beam was focussed by a cylindrical lens which produced a sharp image of the 60 nm wide entrance slit. After passage through the electric fields the neutrons were counted behind a slit, which was positioned in the slope of the image. A change is count rate for opposite field directions would indicate a beam deflection and hence a charge of the neutron. The parameters to determine the sensitivity of a neutron-charge measurement using the deflection of a beam in a homogeneous electric field can be combined in a figure of merit f, which is inversely proportional to the limit a neutron-charge can be determined. The values in brackets correspond to the present measurement.
In an improved experiment we will use again the beam tube H18 at the HFR-Grenoble, which delivers a spectrum of about 10-30 A wavelength and which allows for an apparatus of 13 m length. The increase of the figure of merit will come through several improvements:
1. The chromatic lens will be replaced by a cylindrically shaped mirror (Lb, see fig. 1 ) of high precision, which allows a reduction of the width of the image from 90 Dm to 30 bm.
2. Due to the achromaticity of this mirror, the whole spectrum for neutrons with a wavelength > 10 A can be used for imaging. This
gives, compared to our last measurement, roughly 10 times more intensity J. The reduction in the width A will be 3. Nevertheless the new figure of merit increases only for a factor of about 5. The imaging properties of this curved mirror correct for the Coriolis deflection which is proportional to A (--2OPm for 30 neutrons for a flightpath of 10 m) .
. In front of the multislit MS1, another cylindrical lens La is placed, which images the entrance slit S1 in the plane of Lb. This beam collimation allows for the narrow electrode gap of ^/ 3 mm.
6. Upstream of the multislit MS1 the vertical spreading due to the divergence of the beam will be limited by plane mirrors. Further downstream this confinement seems not to be possible because of technical reasons.
7. For the electric field El antiparallel to E 2 we get half the deflection we would expect without imaging. For both fields parallel, the deflection for a finite neutron-charge is zero. This second configuration allows checking for systematic errors. Both statements hold in case of a magnification factor 1. Combining all these improvements, we expect a sensitivity of less than electric charges for the new apparatus. The deflection of neutrons which carry a charge of 10 -*' qe is about 10 for the 10 m flightpath. Fig. 1 The new design for the deflection apparatus
